Flavonoids and other phenolic compounds in young needles of four pine species, Pinus peuce, P. nigra, P. mugo and P. sylvestris from the Macedonian flora were investigated. The amount of total phenols and total flavonoids were determined using Folin-Ciocalteau and aluminum chloride assay, respectively. The obtained results revealed that the total phenolic content (TPC) and total flavonoids content (TFC) varied among different pine species ranging from 9.8 to 14.0 mg GAE/g and from 3.3 to 7.2 mg CE/g of dried plant material, respectively. Qualitative analysis of flavonoids and other phenolic components was made by a LC-DAD/ESI-MS n optimized chromatographic method. A total of 17 phenolic components were identified and classified as: acids (2), procyanidins (2) and flavonoid glycosides (13). The most prevalent components were flavonoid glycosides, especially flavonols and methylated flavonols (9). Additionally, 3 components were found as acylated flavonol glycosides with ferulic and p-coumaric acid. The last one was found not only in esterified form but also in the free form. Only one flavone-apigenin glycoside was detected. Procyanidins were identified as catechin derivatives, both dimers and trimers.
With over 100 widely known species, Pinus L. (Pinaceae) is the widest extant genus of conifers and a very important source of wood, paper, resins, charcoal, essential oils, food (particularly seeds) and ornaments [1] . Although Pinus species have great significance in the pharmaceutical and cosmetic sectors, as well as in medicine, the remnants of the trees after timber production are not much in use [2] . Until now, Pycnogenol (a standardized water extract of bark of French maritime pine, P. maritima) is the only medicinal product on the market which has been reported to possess various beneficial effects for humans [3] [4] [5] . Even though its chemical composition is still not completely elucidated, the main constituents of Pycnogenol are known to be phenolic compounds [3, 6] , which are considered as natural antioxidants with a preventive role on the development of cancers, cardiovascular and neurodegenerative diseases, diabetes and osteoporosis [7] . In this way, flavonoids as secondary products with over of 6000 known compounds have been intensively studied. Beside antioxidant activity, flavonoids are also thought to have antiallergenic, antiinflammatory and antimicrobial effects, as well as memory enhancing and mood-boosting properties [8] .
In recent years, an increased number of publications have been reported on the chemistry of flavonoids in Pinus species [1, [8] [9] [10] [11] . Kaempferol, rhamnetin, isorhamnetin, myricetin, laricitrin, syringetin, taxifolin, luteolin, naringenin and quercetin were identified in pine bark and needles. Some of these components were present as glycosides as well as aglycones. Additionally, two proanthocyanidins: prodelphinidin and procyanidin were detected in pine needle (bark) extracts [9, [12] [13] [14] . These two compounds are considered as very important plant polyphenols because of their potential benefits as complements to the organism's antioxidant defense system [14] .
Accordingto the Flora of the R. Macedonia [15] , representatives of the genus Pinus include P. nigra Arnold, P. sylvestris L., P. mugo Turra, P. heldreichii Christ. subsp. leucodermis (Antoine) Blecic and P. peuce Grisebach. The last one, known as Macedonian pine, grows wild throughout the Balkan Peninsula. This endemic conifer is mostly spread in south-western parts of Bulgaria, the western part of Macedonia, south-western Serbia and south-eastern Montenegro, as well as in parts of eastern Albania and north-western Greece.
Very little is known about the chemistry and biological activity of Macedonian pine species. Some of our previous work deals with the chemical composition and antimicrobial activity of P. peuce essential oil [16] . Additionally, despite the increment of scientific data about the polyphenolic profile of pine species, a literature search revealed a lack of data related to the polyphenolic profile of P. peuce [10] and other pine species from the Macedonian flora. Thus, the main objective of the present study was to endorse the (poly)phenolic profile and flavonoids of these conifers in order to obtain information that will help disclose their possible medicinal or commercial application.
Total phenolic content:
The pine samples analyzed in the present study showed a total phenol content (TPC) in the range from 9.8 in samples of P. sylvestris to 14.0 mg of gallic acid equivalents per g dried plant material (mg GAE/g) in samples of P. peuce (Table 1) .
Only one literature report could be found related to the total phenolic content (TPC) of needles of different pine species. Apetrei et al. recorded that P. cembra needle extract contained 78.22 mg GAE/g of dried plant material. Compared with this result, the TPC values for our tested pine samples were much lower [17] . 
Total flavonoids content:
Quantitative analysis of total flavonoid content (TFC) of different pine samples revealed that they contained from 3.3 in samples of P. nigra to 7.2 mg catechin equivalents per g of dried plant material (mg CE/g) in samples of P. peuce (Table 1) .
Regarding literature data, Apetrei et al. reported that P. cembra needle extract contained 19.84 mg CE/g of dried plant material. Compared with this result, the TFC values of our tested pine samples were slightly lower [17] .
Qualitative analysis of flavonoids and other phenolic compounds:
The flavonoid and phenolic compounds detected in the methanolic extracts of the four Pinus species were identified from UV absorption maxima and mass spectral data (deprotonated molecular ions and corresponding fragments and losses) using LC-DAD/ESI-MS n . The chromatographic method was optimized to enable good resolution between the different types of phenolic compounds present in the extracts. Seventeen phenolic components were identified and classified into three groups: acids (2), procyanidins (2) and flavonoid glycosides (13) .All retention and spectral data for the detected compounds are given in Table 1 .
The most prevalent components were flavonol glycosides (components 5, 9, 10, 12, 16, 17), as well as methylated flavonol glycosides (components 7, 8, 11, 13, 14, 15). Additionally, components 12, 16 and 17 were found as acylated flavonol glycosides with ferulic and p-coumaric acid, respectively. p-Coumaric acid was also found as a free acid (component 2). Only one flavone, tentatively identified as a hexoside of apigenin (component 6), was detected. Procyanidins were identified as catechin derivatives, both dimers and trimers (components 4 and 3, respectively). [11] . These components were not identified in either our P. sylvestris or in other Macedonian pine species.
According to literature data related to the polyphenolic profile of other pine species, Slimestad reported that the main flavonoid components of P. cembra were kaempferol 3-glucoside, isorhamnetin 3-glucoside, kaempferol 3-(6''-coumaroyl-glucoside) and kaempferol 3-(3'',6''-di-coumaroyl-glucoside). Additionally, taxifolin 7-glucoside was identified in P. koraiensis [10] . Beside kaempferol 3-glucoside, this flavonol was also found in acylated glycoside form as kaempferol coumaroyl-hexoside in all tested Macedonian pine samples. Furthermore, isorhamentin was identified as a pentoside as well as a rutinoside. Taxifolin 7glucoside was not identified in our samples. According to Naeem et al., aglycones such as quercetin, kaempferol, rhamnetin, isorhamnetin and myricetin were identified in P. wallichiana and P. roxburghii [8] . Except for rhamnetine, other mentioned flavonols were found in our samples in conjugated forms as glycosides. Moreover, Kaundun et al. found the flavonol aglycones laricitrin and syringetin in P. brutia, P. halepensis and P. eldarica, as well as two proanthocyanidins, prodelphinidin and procyanidin [9, 18] . Compared with these results, glycosides of these components were identified as laricitrin hexoside (only in one sample of P. nigra) and laricitrin rutinoside (in all tested pine samples), as well as syringetin rutinoside (in samples of P. peuce, P. nigra and P. sylvestris). In the class of procyanidins, the catechin trimer was identified in all Macedonian pine species while the methylated catechin-catechin dimer was recognized in samples of P. peuce, P. nigra and P. mugo.
Summarizing the obtained results, it is evident that there are no big differences in the identified flavonoids and other phenolic compounds, as well as in the total phenolic and total flavonoid content between the needles of P. peuce and other pine species from the Macedonian flora. Moreover, further investigations of chemical characterization and evaluation of biological activity should be made in order to provide more data for their possible medicinal, pharmaceutical and commercial utilization.
Experimental
Plant material: The leaves (needles) of 4 pine species were collected from wild specimens in different localities in R. Macedonia ( Table 2 ). Plant identity was verified and herbarium voucher specimens (N o 2010/Pp for P. peuce, N o 2010/Ps for P. sylvestris, N o 2012/Pn for P. nigra and N o 2012/Pm for P. mugo) were deposited at the Department of Pharmaceutical Botany, Institute of Pharmacognosy, Faculty of Pharmacy, Ss. Cyril and MethodiusUniversity, Skopje, R. Macedonia. Before extracts preparation, plant material was dried at room temperature and ground to fine powder in a steel blender. 
Chemicals and reagents:
Folin-Ciocaltau reagent, gallic acid, aluminum chloride and catechin were purchased from Merck (Darmstadt, Germany), sodium carbonate, sodium nitrite and sodium hydroxide from Alkaloid (Skopje, R. Macedonia), and methanol from Carlo Erba (Milano, Italy).
Extract preparation:
One g of dried and finely ground pine needles was extracted at room temperature with 10 mL 70% methanol (HPLC grade) by ultrasonic extraction (50/60 Hz, 720 W) for 30 min. Just before analysis, the extract was filtered through a 0.45μm Millipore membrane filter and applied to the LC-DAD/ESI-MS n system.
Determination of total phenolic content:
Total phenolic content (TPC) was determined with the Folin-Ciocalteu reagent according to a procedure described by Singleton et al. [19] , with slight modifications. To 1 mL of test sample (methanol extract), 0.5 mL Folin-Ciocalteau reagent (1:10, v/v, diluted with distilled water) was added and stirred for 5 min at room temperature. After 5 min, 0.4 mL of 7.5% sodium carbonate was added and made up to 10 mL with distilled water. These mixtures were incubated at room temperature in the dark for 2 h. After incubation, absorbance was measured at 765 nm using a UV-Vis spectrophotometer (Agilent 8453 UV-Vis spectrophotometer, Agilent Technologies, USA). The total phenolic content was determined as mg of gallic acid equivalents per g of dried plant material (mg GAE/g) using an equation obtained from a standard gallic acid calibration graph. Data obtained from determination of TPC were expressed as mean values  SD as all experiments were carried out in triplicate.
Determination of total flavonoid content:
The total flavonoid content (TFC) was determined using the aluminum chloride assay described by Talari et al. [20] , with slight modification. То аn aliquot of the test sample (1 mL methanol extracts), 4 mL of distilled water and 0.3 mL of 5% sodium nitrite were added and allowed to stand for 5 min. Later, 0.3 mL of 10% aluminum chloride was added and the mixture was incubated for 6 min. Two mL of 1 M sodium hydroxide was added and the volume was made up to 10 mL with distilled water. After incubation for 15 min, the mixture turned to pink and the absorbance was measured at 510 nm using a UV-Vis spectrophotometer (Agilent 8453 UV-Vis spectrophotometer, Agilent Technologies, USA). The TFC was expressed in mg of catechin equivalents per g of dried plant material (mg CE/g) using an equation obtained from a standard (+)-catechin calibration graph. Data obtained from determination of TFC were expressed as mean values  SD as all experiments were carried out in triplicate.
LC-DAD/ESI-MS n analysis:
Plant extracts were analyzed using an Agilent 1100 series HPLC system (Agilent Technologies, Waldbronn, Germany) equipped with a G1315D photo-diode array detector, controlled by ChemStation software (Agilent, v.08.03), as well as a G2445A ion-trap mass spectrometer fitted with an electrospray ionization (ESI) system and controlled by LCMSD software (Agilent, v.6.1.).
Chromatographic separations were carried out on a XDB-C18 Eclipse column (150 mm x 4.6 mm, 5 µm, Agilent Technologies, USA). The mobile phase consisted of 2 solvents: 0.1%,v/v, waterformic acid (A) and 0.1%, v/v, acetonitrile-formic acid (B). A gradient elution, starting with 20% B was installed to reach 40% B at 7 to 20 min, then 75% B at 30 min and 100% B at 45 min. The flow rate was 0.5 mL min -1 , the injection volume 20 µL and the column temperature 30°C. Spectral data for all peaks were accumulated in the range 190-600 nm and chromatograms were recorded at 260, 280, 300, 330 and 350 nm.
MS data were acquired in the negative ionization mode. The full scan covered the range from m/z 100-1200. Nitrogen was used as nebulizing gas at a pressure of 65 psi and the flow was adjusted to 12 L min -1 . The heated capillary and the voltage were maintained at 325°C and 4 kV, respectively. Collision -induced fragmentation experiments were performed in the ion trap using helium as collision gas, with a voltage ramping cycle from 0.3 up to 2 V. Maximum accumulation time of ion trap and the number of MS repetitions to obtain the MS average spectra were set at 300 ms and 5, respectively.
Identification of components:
The identification and peak assignment of all phenolic compounds was based on comparison of retention times, UV-Vis and mass spectral data with those of standards and published data.
